An interferon-sensitive mutant of mengovirus has been shown to specifically induce interferon in infected cells. Although this appears to account for the sensitivity to interferon observed by others in an L(Y) cell line, it cannot account for the even greater sensitivity observed in our G3 line of mouse L cells.
have described the isolation of an interferon (IFN)-sensitive mutant of mengovirus (is-l). In the presence of low levels of IFN, is-1 yields 10-to 100-fold fewer plaqueforming particles than its wild-type parent (is+) . This phenotype, however, is only expressed in certain cell lines (about 20 ~ of those tested). Studies with actinomycin D have shown that in our G 3 line of L cells two classes of antiviral activity (AVA) can be detected: AVA-l, which includes all the known antiviral activities induced by IFN and AVA-2 which affects is-1 but not is + (Fout & Simon, 1981 . Furthermore, cells mixedly infected with both is-I and is + yield mutant virus at the same level as wild-type (Simon et al., 1976) , i.e. is-1 is recessive to is + . Marcus et at. (198 l) interpreted these results in terms of IFN induction by is-1. Using the L(Y) line of L cells, they demonstrated that is-1 induced large amounts of IFN, whereas is `+ did not, and concluded that this IFN completely accounted for the observed phenotypic differences between is-1 and is + .
In this paper we confirm that is-1 is a better inducer of IFN than is + (although the amounts of IFN we found were much less than those found by Marcus et al., 1981) . However, we also show that induction of IFN cannot explain the observed IFN sensitivity of is-1 in our L cells.
A subclone of L cells (designated G3) was isolated from an original stock obtained 12 years ago from Dow Chemical and Pharmaceutical Co. These cells were cultured in Eagle's minimal essential medium (K. C. Biological, Inc.) supplemented with 10~ newborn calf serum ('medium'). Subclones of G3 were obtained by distributing an average of two cells/well in a 96-well microtitre plate (Linbro). Five days after plating, the wells were scanned to determine the number of clones in each. About 10 days later, cells in wells containing single clones were transferred into three others. Two of the wells were treated with 4 units IFN/ml and infected with 200 p.f.u, of either is-I or is ,+ . Clones that expressed the is-1 phenotype were killed by both viruses in the absence of IFN, but only by is + in its presence. Clones that did not express the phenotype were killed by both viruses either in the presence or absence of IFN and were termed IFN-sensitive expression-negative (is-1 ex ). These clones were expanded for further testing. The 3T3 cell line was obtained from Dr G. Vande-Woude (Laboratory of Molecular Oncology, NIH, Bethesda, Md., U.S.A.).
IFN was prepared and titrated as described by Fleischmann & Simon (1973) , but expressed in terms of mouse reference (G-002-904-511) IFN units. One unit of crude IFN (sp. act. 1400 reference units/mg protein) by our assay was approximately equivalent to two reference units. Partially purified mouse IFN (obtained from Dr P. Lengyel; sp. act. 6.3 x 106 ~tg/mg protein) was indistinguishable from the crude preparations routinely used.
Purified sheep antibody to L cell IFN was obtained from the National Institute of Allergy and Infectious Diseases and resuspended in sterile saline at 3000 units/ml. It was stored at -20 °C until use. A mock antibody preparation was treated in the same way.
Mengovirus growth and plaque assay procedures were as described by Fleischmann & Simon 0022-1317/84/0000-5834 $02.00 © 1984 SGM (1973) . Unless otherwise indicated, all infections were carried out at a multiplicity of infection (m.o.i.) of 3 to 5. The origin of is-1 was described by Simon et al. (1976) . In the absence of IFN, virus titres for is + and is-1 averaged 1-5 × 10 s and 1 × I0 s p.f.u./ml respectively. Certain experiments were performed in microtitre trays; in these experiments, 2 x 104 cells were added per well in 0-1 ml medium. After the cells attached (3 to 5 h), medium was removed and the indicated amounts of IFN added for 24 h. Before infection, the wells were washed three times with warm phosphate-buffered saline (PBS). Cells were infected with virus in 0.01 ml PBS. After 45 min at 37 °C, the cells were washed three times with PBS and overlaid with 0.1 ml medium containing IFN or anti-IFN antibody as required. When samples were taken at 12 h, 0.05 ml was removed and replaced with fresh medium. Marcus et al. (1981) reported that is-1 induced IFN in cells pretreated with IFN and suggested that this was responsible for the reduced yield of virus from the infected cells. We have confirmed that is-1 induced IFN in G3 cells, but never more than 800 units/4 × 106 cells in contrast to the 25000 units/4 x 106 cells reported by Marcus et al. (1981) . Wild-type is + did not induce IFN under any circumstances. Table 1 shows that the addition of up to 2000 units/ml of IFN (8000 units/4 x 106 cells) following infection had no effect on the virus yield. As previously reported (Simon et al., 1976) , in the absence of IFN is-I and is + gave nearly the same yield, while in its presence the is-1 yield was more than 100-fold lower than the is + yield. * Experiment was carried out in 35 mm plastic Petri dishes containing 106 cells. t IFN production was measured 24 h after infection. The samples were dialysed in HC1-KC1 buffer at pH 2 for 48 h and then dialysed against phosphate buffer at pH 7-2 for 8 h. IFN titre was determined by a plaque reduction assay.
To confirm that IFN added after infection had no effect on virus yield, anti-IFN antibody was added immediately after infection. Table 2 shows a control experiment demonstrating that 20 arbitrary units of anti-IFN antibody inactivate between 600 and 2000 units IFN/ml, when the two substances are added simultaneously to uninfected cells, and left in contact with them for 24 h prior to infection.
The data of Table 3 show that the addition of 200 units of anti-IFN antibody to protected cells immediately after infection had little effect on the yield of either is-1 or is + . Two controls were included: the first shows that the mock antibody provided by the NIH was ineffective under any condition; the second shows that antibody added before infection completely eliminated at least 200 units of IFN. For reasons that are unclear, the effect of a presumably constant amount of IFN on is + yields can vary greatly (compare Tables 1 and 3) . However, the is-1 yield was invariably at least 50-fold lower than the is + value.
As a final demonstration that IFN production did not play a key role in the is-1 phenomenon on G3 cells, two cell lines that did not express the is-1 phenotype were tested for their ability to produce IFN following infection with is-1. The first was a clonal isolate of G3 called A1 which was specifically selected for this purpose; the second was a line of 3T3. Table 4 shows that although in this experiment G3 did not produce any IFN, both A1 and 3T3 cells did. Nevertheless, only the G3 line expressed the is-1 phenotype. Although in this experiment A 1 did not seem to respond to interferon, other experiments (data not shown) showed that it did. In repeated experiments, our strain of 3T3 also responded to IFN. In a similar experiment, supernatant virus was inactivated by u.v. irradiation rather than dialysis at low pH. The results
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were comparable to those presented in Table 4 , and show that the virus did not induce an unusual, acid-labile, IFN.
A striking feature of the is-1 mutant is that treated G3 cells infected with this virus survive the infection and can divide indefinitely (Simon et al., 1976) . However, unless 'cured' of infection by extensive treatment with anti-mengovirus antibody (A. L. Z. Sakuragi, personal communication), these cells continually produce a low level of virus. The results presented here and by Marcus et al. (1981) show that only is-1 can induce IFN and explain why only infection with is-I can establish these carrier cultures. Marcus et al. (1981) attempted to extend this observation to explain the entire range of phenomena displayed by the is-I mutant.
Our results demonstrate that although is-1 induces IFN in all cell lines tested, IFN induction alone cannot account for its IFN-sensitive phenotype, at least in the G3 cell line. Indeed, the addition of up to 2000 units IFN/ml added immediately after infection with either virus had no effect on the yield. This was not surprising, since mengovirus inhibits protein synthesis, even in protected cells (Fout & Simon, 1981) and de novo protein synthesis is needed for IFN action to be expressed (Baglioni & Nilsen, 1981) . Marcus et al. (1981) found that maximum IFN production occurred when cells were infected with only a single infectious virus particle. Cells infected with two or more particles produced little or no IFN. In all of our experiments, cells were infected with three to five particles which may in part explain why their yield of IFN was so much greater than ours. Furthermore, Marcus et al. (1981) found 10 times as much IFN induction in untreated cells as in cells treated with 10 units of IFN, whereas we consistently failed to find any IFN from untreated cells. Low levels of IFN (0.1 to 0.5 units/ml) enhanced IFN production in their experiments. We did not investigate the effect of such low levels. Marcus et al. (1981) studied two lines of L cells: L(SP) which fails to respond to IFN inducers and does not express the is-1 phenotype, and L(Y) which does make IFN and which shows the phenotype. They noted that the titre of a standard stock of is-1 was 10-fold lower on L(Y) than on L(SP) and that the plaques tended to be smaller on these cells. Both results are consistent with is-1 inducing IFN on the L(Y) cells. In contrast, we found that the titre of is-1 was about the same on cell lines G3 and A1 and that the plaque morphology on the two cell lines was indistinguishable.
In conclusion, our work shows that is-1 but not is + can induce IFN in our G3 subline of L cells, but that in this system that property cannot account for the mutant's sensitivity to IFN. However, it is possible, and perhaps probable, that in L(Y) cells IFN induction may provide an adequate explanation for the mutant's behaviour.
